Background {#Sec1}
==========

It's important to monitor perinatal health indicators including perinatal mortality and preterm birth. These are key indicators of quality of care in pregnancy and childbirth. The EURO-Peristat project showed that stillbirth and neonatal mortality rates from 2004 declined over all Europe but mortality disparities between the European countries still exist \[[@CR1], [@CR2]\]. In 2010 in the Netherlands, stillbirth and neonatal mortality were high compared to other European countries \[[@CR2]--[@CR4]\]. In 2015 the perinatal mortality rates further declined with still high heterogeneity between the European countries, all described in the new PERISTAT report \[[@CR5]\]. Preterm birth (birth \< 37 weeks of gestation) accounts for 75% of the perinatal mortality cases \[[@CR3]\]. Preterm birth, congenital anomalies and/or small for gestational age (SGA p10) are the main intermediate risk group for perinatal mortality, also called "the Big 3" \[[@CR6], [@CR7]\].

In the Netherlands, several initiatives started to reduce the perinatal mortality rate. In 2010 active management for extremely preterm births at 24 weeks instead of at 25--26 weeks onwards began \[[@CR8]\]. Also in 2010 a national perinatal audit program on term perinatal mortality started and within two years all 82 perinatal health care regions (hospital(s) and their surrounding primary care midwifery practices that are their preferred referring practices) participate in the national audit programme \[[@CR9]\]. The ministry of health also made it possible that the College for Perinatal Care (CPZ) could be established in which all relevant partners in perinatal care participate. Perinatal health care regions have investigated in new cooperation forms like integrated obstetric care \[[@CR10]\]. In addition, in the Netherlands a structural ultrasound scan at 20 weeks has been introduced, which provided before 24 weeks more diagnoses and possible terminations of pregnancies. This resulted in a reduction in serious congenital abnormalities after 24 weeks \[[@CR11]\]. Pregnant women with gestational age \> 41 weeks are earlier referred from a midwife to an obstetrician for foetal condition assessment and possible induction of labour \[[@CR12]--[@CR14]\]. To improve perinatal health inequalities "Healthy pregnancy for all" programmes were funded for several municipalities with increased perinatal mortality risk \[[@CR15]--[@CR17]\].

Main known risk factors for perinatal mortality are teenage pregnancy and advanced maternal age \[[@CR18]\], smoking, non-Western ethnicity \[[@CR19]\], socio-economic disadvantage \[[@CR20]\], maternal obesity and complicated pregnancy history for instance preterm birth \[[@CR3], [@CR8]\]. Women in Europe living under adverse socio-economic circumstances have twice the perinatal mortality risk. Stillbirth, neonatal mortality and preterm births are major public health priorities with significant disparities based on socio-economic status and ethnicity and these disparities are persistent \[[@CR21], [@CR22]\]. Reduction of perinatal mortality rates can be targeted at each risk group and information on these effects are not yet known \[[@CR23]\].

The objective of this study is to answer the following questions; What is the recent trend in perinatal mortality (stillbirth, neonatal) and in the intermediate risk groups (preterm birth, congenital anomalies, small for gestational age (SGAp10)) from 2010 onwards?In which intermediate risk group (preterm, congenital anomalies, SGA) or main risk group (parity, maternal age, socio-economic status and ethnicity) or line of care is the largest perinatal mortality reduction seen and where is still opportunity for improvement?

Methods {#Sec2}
=======

This study was based on data from the national perinatal registry (PERINED) in The Netherlands \[[@CR14]\]. Participation in the registry is obligatory for midwives, obstetricians and neonatologists practices, and in the recent years 98% of all births in the Netherlands are included in the registry \[[@CR24]\]. Data includes information about pregnancy, child birth and admission of the child within one month after birth \[[@CR14], [@CR25]\].

We selected a population based cohort of all 996,423 singletons born between 24.0 and 42.6 weeks of gestation in a six year period (Jan 1, 2010 up to and including Dec 31, 2015). As in the PERISTAT analysis we excluded births at 22 and 23 weeks of gestation. The data in the perinatal registry are anonymised. The PERINED committee for research and ethics approved the use of data for this overall trend study (Approval number 16.13).

Main outcome measurements {#Sec3}
-------------------------

Perinatal mortality consists of stillbirth (death of a child before or during delivery) and neonatal mortality (death of a live born in the first 4 weeks of life). Perinatal mortality rate was defined from 24 weeks onwards as stillbirth or neonatal mortality within 28 days after birth per 1000 births. The term stillbirth is interchangeably used for foetal mortality.

Intermediate risk group factors {#Sec4}
-------------------------------

We looked at the following intermediate risk group factors for perinatal mortality; preterm birth (gestational age \< 37 weeks) and gestational age in six different gestational subgroups: (24.0--27.6, 28.0--31.6, 32.0--36.6, 37.0--38.6, 39.0--40.6, 41.0--42.6 weeks of gestation), congenital anomalies (yes/no) and small for gestational age \< p10 (SGA p10) (yes/no) \[[@CR3]\]. Small for gestational age was defined as below the 10th centile adjusted for parity, gestational age, gender and ethnicity \[[@CR26]\].

Risk factors {#Sec5}
------------

The following risk factors for perinatal mortality were analysed: parity (0, 1, 2 or higher), maternal age (\< 20, 20--24, 25--34, 35--39, ≥40), socio-economic status (low \<p25, mid, high ≥p75), maternal ethnicity (Western/non-Western) and by ethnic group \[[@CR18]--[@CR22]\]. Data on socio-economic status (SES) was available on a 4-digit zipcode level by open access by the Netherlands Institute for Social Research (SRP) for the year 2010. The SES was based on four indicators: the proportion of residents with a poor education level, the average household income, the proportion of residents with a low income and the proportion of unemployed residents. Ethnicity was assigned by the care giver. Western ethnicity are Dutch or other European women and non-Western are Turkish/ Moroccan, African, South Asian or other non-Western women \[[@CR19]\]. The obstetric system in the Netherlands is characterized by a formal distinction between independent midwife-led care or primary care and obstetrician-led care or secondary care. Pregnant women without risk factors are in midwife-led care, if complications occur or risk factors are identified, women are referred to obstetrician-led care. Women at term who start labour in midwife-led care can opt for midwife-led hospital birth or homebirth \[[@CR25]\]. For (post) term birth the line (primary/secondary) of care at start of labour and at birth is analysed.

Statistical analysis {#Sec6}
--------------------

To investigate whether there was a trend between 2010 and 2015 among the outcome measures, first we performed a Cochran-Armitage Trend test with year of birth as the independent variable. For the main outcome measurement, we calculated adjusted odds ratios (aOR) with a 95% confidence interval (95%CI) with a multivariate logistic regression model with year of birth as the independent variable. We adjusted the year trend for general known factors that has an influence on adverse perinatal outcomes: parity, maternal age, socio-economic status and ethnicity.

The risk factors missing values were low (\< 1%) and these were with single imputation assigned to the following groups: missing maternal age (19 records) was imputed with the mean age of 30 years. Missing parity (45 records) was assigned to nulliparity, 5139 records (0.6%) with missing zip code were assigned to the mid SES and 7.188 records (0.9%) with unknown ethnicity were coded to non-Western ethnicity.

The absolute difference between the first and last year is the difference between the year 2010 and the year 2015 is calculated. Because there were less births in 2015 we also calculated a standardized difference where the numbers of birth in 2015 were standardized (the number of births in 2015 divided by the number of births in 2010).

We analyse the main trend in perinatal mortality by six gestational age groups. The crude and adjusted risk of parity, maternal age, socio-economic factor and ethnicity on perinatal mortality is calculated. The trend in perinatal mortality risk among the intermediate risk groups, among the risk factors and by line of care of the six years is analysed and tested with a trend test. Statistical significance was set at the 0.05 level. Data were analysed using SAS software (SAS version 9.4; SAS Institute Cary, North Carolina, USA).

Results {#Sec7}
=======

The overall perinatal mortality from 24 weeks onwards was 5.0 per 1000 births. Perinatal mortality significantly declined with 18% from 5.6 in 2010 to 4.6 per 1000 in 2015 (*p* \< 0.0001) (Table [1](#Tab1){ref-type="table"}). The adjusted Odds Ratios (aOR) of year for perinatal mortality was significantly reduced with 4% between 2010 and 2015, 0.96, 95% confidence interval (CI) \[0.95--0.98\] (Supplement Table [1](#MOESM1){ref-type="media"}, Fig. [1](#Fig1){ref-type="fig"}). Table 1Trend in perinatal mortality, stillbirths and neonatal mortality from 24 weeks onwards in the Netherlands between 2010 and 2015YearTotal birthsPerinatal mortalityStillbirthNeonatal mortalityLive bornNnper 1000nPer 1000nnPer 10002010170,9439495.556163.60170,3273331.962011170,4919115.345923.47169,8993191.882012167,6698354.985523.29167,1172831.692013160,6197564.714702.93160,1492861.792014165,2597564.574512.73164,8083051.852015161,4427404.584612.86160,9812791.73Total996,42349474.9631423.15993,2811.8051.82Decline 2015--2010 (n)−209− 155−54Percentage change−18%− 21%− 12%Cochran Armitage trend test (*p*-value)\< 0.0001\< 0.00010.0005Fig. 1Trend in preterm birth rate per 100 births and perinatal mortality rate per 1000 birth, 2010--2015. Perinatal mortality rate per 1000 births (red line). Preterm birth rate per 100 births (blue line)

Stillbirth also significantly decreased with 21% from 3.6 in 2010 to 2.9 per 1000 in 2015 (*p* \< 0.0001, aOR 0.95, 95%CI \[0.93--0.97\]). Neonatal mortality significantly decreased with 12% from 2.0 in 2010 to 1.7 per 1000 (*p* = 0.0005). The aOR of neonatal mortality was significantly decreased with 0.96 95%CI \[0.93--0.98\] (Table [1](#Tab1){ref-type="table"} and Supplement Table [1](#MOESM1){ref-type="media"}).

Compared to the 949 deaths in year 2010 there were 209 less perinatal mortality cases in the year 2015. Most of the reduction (74%) of the perinatal deaths was seen in the stillborns (Table [1](#Tab1){ref-type="table"}).

The overall prevalence of preterm birth \< 37 was 5.8% (57,647/996,423) and the prevalence of preterm birth significantly declined with 8% from 6.1 to 5.6%, p \< 0.0001 (Table [2](#Tab2){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}). Among the preterm borns in the year 2015 compared to the year 2010 there were 115 less perinatal mortalities. Among the preterm borns there was a significant perinatal mortality risk reduction from 58 to 54 per 1000 (*p* = 0.04) (Table [2](#Tab2){ref-type="table"}). Table 2Trend in preterm birth, congenital anomalies and SGA rates and perinatal mortality risk rates in these three intermediate risk groupsYearNPreterm birthsCongenital anomaliesSGAp10Ratesmortality riskRatesmortality riskRatesmortality riskN%nPer 1000n%nPer 1000n%nPer 10002010170,94310,4396.16015848332.82164514,7658.6284192011170,49199345.85525654893.21993614,7858.7260182012167,66995915.75475744732.71864214,3828.6244172013160,61993775.84845249023.11823713,8808.6209152014165,25992555.64715146602.81753814,1728.6222162015161,44290515.64865444792.81774013,9258.621215Total996,42357,6475.831415428,8362.94153985,9098.6143117Percentage change2015--2010 (%)−8%−2%0%Trend test (p-value) \< 0.00010.610.17Trend test mortality risk (p-value)0.04180.0020.006Difference in mortality 2015--2010 (n)−115−39−72

Table [3](#Tab3){ref-type="table"} shows the trend of perinatal mortality by gestational age groups. The largest decrease in perinatal mortality risk reduction of 32% was seen between 24 and 27 weeks of gestation, the risk declined from 497 in 2010 to 339 per 1000 in 2015, *p* \< 0.001 (55 deaths). Between 28 and 31 weeks the reduction in perinatal mortality was 12%, from 139 in 2010 to 123 per 1000 in 2015 (26 deaths). The smallest reduction was seen between 32 and 36 weeks of gestation with a 3% reduction (34 deaths). Table 3Difference in perinatal mortality between 2010 and 2015 by gestational age groups2010--20152010--152010201520102015RelativeAbsoluteStand.gestationalTotal birthsperinatal mortalityDifferenceweeksnnnper\
1000per 1000%nn**24.0--27.63079256201497339−32%−55−7028.0--31.65835141115139123−12%−26−3432.0--36.648,73320417022.922.3−3%−34−4637.0--42.6938,7763482542.21.7−23%−94−115**37.0--38.6223,0971471093.92.9− 26%−38−4739.0--40.6528,4051451081.61.2−25%−37− 4641.0--42.6187,27456371.71.3−24%−19− 22**Total996,4239497405.64.618%−209−265***Stand*. Standardized

In the term and post term population, perinatal mortality risk is low (2.2 in 2010 and 1.7 per 1000 in 2015) and the reduction in perinatal mortality was 23% (94 deaths). In the 37--38 weeks of gestation perinatal mortality declined from 3.9 in 2010 to 2.9 per 1000 in 2015 (38 deaths). In the 39--40 weeks perinatal mortality declined as in the 41--42 weeks (Table [3](#Tab3){ref-type="table"}). Since the overall number of births declined slightly in 2015 we standardized the 2015 numbers and the standardized reduction in perinatal mortality between the year 2010 and 2015 was 265 deaths (Table [3](#Tab3){ref-type="table"}).

The prevalence of congenital anomalies was 2.9% and did not change much between 2010 and 2015 (Table [2](#Tab2){ref-type="table"}). Among the children with congenital anomalies, there was a significant decline in perinatal mortality risks (45 in 2010 to 40 per 1000 in 2015). There was a reduction of 39 deaths.

The prevalence of SGAp10 was 8.6% (Table [2](#Tab2){ref-type="table"}). There was no trend in the incidence of SGAp10. A significant decline in perinatal mortality risk was seen in SGA children (19 in 2010 to 15 per 1000 in 2015, *p* = 0.006) (Table [2](#Tab2){ref-type="table"}). There was a reduction of 72 deaths.

Risk factors {#Sec8}
------------

In Table [4](#Tab4){ref-type="table"} the crude and adjusted risks for perinatal mortality are shown. The overall mortality risk of 5.0 per 1000 is about as twice as high for women with an African ethnicity (10.1 per 1000), and for women with a maternal age ≥ 40 years (9.0 per 1000). Women with parity 2 or higher and women with low socio-economic status, have also a significantly increased risk of 5.9 per 1000 (Table [4](#Tab4){ref-type="table"}). Table 4The incidence of risk factors and perinatal mortality riskRisk factorsPerinatal mortality per 1000 birthsNPer 1000Crude OddsAdjusted odds\
\*1Adjusted odds\
\*2Total49475.0(95% CI)(95% CI)(95% CI)Year0.96(0.94--0.97)0.96(0.94--0.97)0.96(0.95--0.98)Parity P045.5%5.51.44(1.35--1.54)1.45(1.36--1.55)1.09(1.01--1.17) P135.7%3.81.001.001.00 P2+18.8%5.91.56(1.44--1.69)1.38(1.28--1.50)1.35(1.24--1.47)Maternal age (years)  \< 201.2%6.51.43(1.14--1.79)1.11(0.88--1.39)1.04(0.82--1.31) 20--2410.0%5.81.27(1.16--1.39)1.11(1.01--1.21)1.07(0.97--1.17) 25--3468.1%4.51.001.001.00 35--3917.4%5.31.16(1.08--1.25)1.18(1.10--1.28)1.07(0.99--1.16)  \> =403.3%9.02.00(1.77--2.25)1.92(1.70--2.17)1.38(1.21--1.57)Ethnicity Dutch75.6%4.41.001.001.00 Other European4.8%4.91.12(0.98--1.28)1.09(0.95--1.24)1.10(0.96--1.26) Mediterranean7.0%6.71.52(1.38--1.68)1.42(1.29--1.57)1.39(1.25--1.55) African2.6%10.12.30(2.03--2.61)2.12(1.87--2.42)1.50(1.31--1.72) South Asian1.2%6.01.37(1.08--1.72)1.34(1.06--1.69)0.76(0.60--0.97) Asian2.6%5.31.19(1.01--1.42)1.17(0.99--1.39)1.08(0.90--1.29) other non-Western6.0%7.41.69(1.53--1.87)1.63(1.47--1.80)1.47(1.32--1.63)Social-Economic status Low24.7%5.91.21(1.13--1.29)1.06(0.99--1.14)1.00(0.93--1.08) Mid50.5%4.91.001.001.00 High24.8%4.20.86(0.80--0.93)0.86(0.80--0.92)0.92(0.86--0.997)**Intermediate risk factors** Preterm birth \< 37 weeks6.1%95.353.3(50.3--56.5)25.8(24.3--27.4) Congenital anomalies3.1%83.417.2(16.3--18.1)5.2(4.8--5.6) Small gestational age (SGA) P108.8%38.88.68(8.26--9.12)3.9(3.7--4.2)Adjusted for:\*1 Age, parity, ethnicity en SES\*2 = Age, parity, ethnicity, SES, prematurity, congenital anomalies and SGA

After adjustment African ethnicity has a significant increased adjusted odds ratio (aOR) for perinatal mortality of 2.1 95%CI (1.9--2.4). Also, high maternal age ≥ 40 years with aOR 1.9 95%CI (1.7--2.2) and parity 2+ with aOR 1.4 95%CI (1.3--1.5) are still significant risk factors for perinatal mortality, while low maternal age and low SES are no longer significant risk factors for perinatal mortality. African ethnicity, maternal age 40^+^ and parity 2^+^ were still significant risk factors after further adjustment for the intermediate factors including preterm birth (Table [4](#Tab4){ref-type="table"}).

Both in the high and low risk groups perinatal mortality declined between 2010 and 2015 (Table [5](#Tab5){ref-type="table"}). The strongest significant reduction (195 deaths) from 5.0 in 2010 to 4.1 per 1000 in 2015 was seen in the largest groups; the children of Western women (p = \< 0.0001). Among the nulliparous women also perinatal mortality decreased (124 deaths) from 5.9 in 2010 to 5.0 per 1000 in 2015, *p* = 0.0011. And among women with an average maternal age of 25 to 34 years perinatal mortality significantly reduced with 85 deaths from 5.0 in 2010 to 4.3 per 1000 in 2015 (*p* = 0.0024). Table 5The perinatal mortality risk per 1000 births by year in risk groupsYearP0P2+\< 20 yrs25--34 yrs≥40 yrslow SESHigh SESWestern ethnicitynon-Western ethnicity20105.96.47.45.09.57.14.45.08.120116.16.08.94.89.05.54.84.97.020125.36.36.94.411.86.14.24.27.820135.46.23.24.48.26.04.04.36.320145.15.36.94.37.25.63.83.97.220155.05.34.54.38.35.14.14.16.4Total5.55.96.54.59.05.94.24.47.1Total N24871109793084296144810403558948Diff 2010--15−124−29−11−85−11−86−31−195−56Trend test0.00110.02680.100.00240.150.0280.0599\< 0.00010.02*Diff* difference in number of children with perinatal mortality between year 2010 and year 2015*Yrs* years

The overall decline in perinatal mortality was seen in other high risk groups although not always significant. The trend significantly declined among all non-Western women (8.1 in 2010 to 6.4 per 1000 in 2015, *p* = 0.02) and among the women with low SES (7.1 to 5.1 per 1000, *p* = 0.028). In the smaller groups, the decline was not significant: the women with the age of 40 years or higher the perinatal mortality risk was high 9.5 per 1000 and declined to 8.3 per 1000 (*p* = 0.15) and among the women with low maternal age (\< 20) risk declined from 7.4 to 4.5 per 1000, *p* = 0.10 (Table [5](#Tab5){ref-type="table"}).

Among the (post)term women there was no significant decline in perinatal mortality in women with low (\< 25 year) maternal age, in women with low and high SES and in women with non-Western ethnicity (Table [6](#Tab6){ref-type="table"}). Also in (post)term women perinatal mortality risk did not significantly decline in women delivered under the supervision of a midwife (primary care) (0.52 in 2010 to 0.35 per 1000 in 2015, *p* = 0.45, 9 deaths). However perinatal mortality significantly declined in (post)term women delivered under supervision of an obstetrician (secondary care) (2.9 in 2010 to 2.2 per 1000 in 2015, *p* \< 0.0001, 85 deaths). Perinatal mortality risks at start of labour showed the same pattern; a significant reduction in perinatal mortality in women who started delivery in secondary care but not in women who started delivery in primary care (Table [6](#Tab6){ref-type="table"}). Table 6The perinatal mortality risk per 1000 births by year in risk groups in (post)term womenYearP0P2+\< 25 yr25--34 yrs\> = 35 yrslow SESHigh SESWestern ethnicitynon-Western ethnicityPrimary care start labourSecondary care start labourPrimary care at birthSecon-\
dary care at birthTotal20102.32.62.02.12.62.71.82.02.91.03.50.522.92.220112.42.62.02.12.91.72.12.22.51.03.50.632.92.220121.92.61.81.72.32.11.51.72.50.83.00.402.51.820132.12.51.81.72.12.11.51.62.40.92.80.402.41.820142.21.71.71.82.02.01.61.62.71.02.80.692.31.820151.71.81.81.52.11.81.51.52.40.82.70.352.21.7Total2.12.31.81.82.32.11.71.82.60.93.00.502.51.9Total N88941119211584564803891343463466131914216641806Diff 10--15− 62−20−9−30−24−36−16−89−5−24−73−9−85−94Trend test0.0160.00290.530.00110.00290.0770.08\< 0.00010.380.170.00010.45\< 0.0001\< 0.0001*Diff 10--15* difference in number of children with perinatal mortality between 2010 and 2015

Discussion {#Sec9}
==========

Main findings {#Sec10}
-------------

In the Netherlands, perinatal mortality has significantly declined with 18% and preterm birth has significantly declined with 8% between 2010 and 2015. The largest decline in perinatal mortality risk of 32% is among the children born between 24 and 27 weeks of gestation. Among 37--42 weeks of gestation mortality risk reduction was 23%. Perinatal mortality risk significantly declined among all intermediate risk groups; the children with preterm birth, SGA and/or congenital anomalies. In addition, the main risk factors for perinatal mortality were African ethnicity, maternal age ≥ 40 years and parity 2^+^. In the largest groups like nulliparity, low SES and non-Western ethnicity a significant decline in perinatal mortality is seen. On the contrary, at term, there was no significant decline in perinatal mortality in women with low age, in women with low or high SES, in women with non-Western ethnicity and among women who started or delivered under primary care.

Strengths and limitations {#Sec11}
-------------------------

A strength of our study is that results are based on data obtained from the national perinatal registry databases with almost a million records, which are nearly complete (98% of all births in the Netherlands) including many risk factors. For trend analysis of perinatal mortality outcomes, large and complete databases are needed.

A potential limitation could be the exclusion of births below 24 weeks and above 43 weeks of gestation. However, among the children born during 22.0--23.6 weeks of gestation there is also a significant decline in perinatal mortality from 970 per 1000 in 2010 to 929 per 1000 in 2015. The effect of excluding post term births ≥43.0 weeks on the analysis was very low because there were only 54 women in this group.

The number of missing values of the risk factors is very low (\< 1%). However, excluding missing values from the analysis showed also a similar main result: a significant declining trend in preterm birth and in perinatal mortality. A limitation of the national perinatal registry is the lack of information on smoking during gestation and maternal obesity (BMI). Trends among these important risk groups could not be provided.

Comparison with the literature {#Sec12}
------------------------------

Studies on recent overall trends in perinatal mortality from 2010 onwards in other European countries are published \[[@CR4], [@CR7], [@CR27]\], as is the latest European perinatal health report of 2015 \[[@CR5]\]. These show declining trends in perinatal mortality in different European countries; stillbirth rates in 2015 were 5% lower than in 2010, but this reflects an average with large differences between the countries. The European Peristat report also showed that for the Netherlands stillbirth rates after 28 weeks, including multiple births, declined from 2.9 in 2010 to 2.2 per 1000 in 2015.

In addition, the neonatal mortality declined in some countries in Europe. However in Poland neonatal mortality rates increased. In the Netherlands neonatal mortality rate after 24 weeks of gestation, including multiple births, declined from 2.2 in 2010 to 2.0 per 1000 in 2015 \[[@CR5]\]. In contrast to Peristat, which is based on aggregated date, the more detailed studies on perinatal mortality risk among different (intermediate) risk groups such as in our study is unique. Termination of pregnancy (TOP) still forms a substantial proportion of the stillbirths at 22 and 23 weeks of gestation. In the Netherlands TOP is not registered as a separate group in the national registry. Iatrogenic start of labour accounts in total 300 (66%) of the 458 perinatal deaths at 22--23 weeks in 2010. To make international comparisons of stillbirths rates at 22 and 23 weeks possible in the Netherlands TOP's should be registered and only stillbirths without TOP should be included in datasets for international /European comparison \[[@CR4], [@CR28]\]. In this study, the threshold of 24 weeks of gestation for both stillbirth and neonatal mortality was used. This is in line with the recent Lancet publication of the PERISTAT researchers \[[@CR4]\]. There it is stated, that the threshold of 28 weeks for international comparisons should be lowered to 24 weeks for high-income countries acknowledging the burden of perinatal death to families. Current international comparisons exclude a third of all stillbirths \[[@CR4]\].

Interpretation/clinical implications and future research {#Sec13}
--------------------------------------------------------

Various interventions for reducing perinatal mortality in the Netherlands have taken place. The national perinatal audit (PAN) resulted in a description of substandard factors in relation to death and the recommendation for better care management, cooperation, communication and guidelines, ready for implementation \[[@CR9]\]. The audit also resulted in better cooperation between care providers in local and regional settings and this may have been effective in reducing perinatal mortality.

Active neonatal treatment starting at 24 weeks of gestation resulted in significant improvement in neonatal survival \[[@CR8]\]. The significant decline in perinatal mortality among SGA children suggests better detection and surveillance. In general, the decline in perinatal mortality is mainly based on the reduction of stillbirths. The 32% decline in perinatal mortality among the children born between 24 and 27 weeks of gestation (55 deaths) is probably due to changes in 2010 in the 3rd level care; there is more active management at 24 weeks of gestation \[[@CR29]\]. The prevention of stillbirth mortality probably was the result of earlier intervention by obstetricians and more active intensive neonatal care of the newborn. In the children born between 24.0 and 26.6 weeks there were significantly more interventions; the total caesarean sections rate in this subgroup increased from 27.6 to 35.9% and prelabour caesarean sections increased from 19.4 to 25.4% (data not shown).

In the Netherlands between 2010 and 2015, the number of preterm births \< 37 weeks declined with 8% from 6.1 to 5.6% and this could be one of the explanations of the lower total perinatal mortality rates. In some other European countries, also preterm birth rates are declining but in some other countries preterm birth rates have increased. Prevention of spontaneous preterm birth stays a permanent goal in obstetric care. There was only a 12% reduction in perinatal mortality (26 deaths) between 28 and 31 weeks of gestation and 3% reduction (34 deaths) between 32 and 36 weeks of gestation. Possibly, there is still room for further reduction of perinatal mortality in these late preterm gestational age groups. The 23% perinatal mortality reduction among 37--42 weeks of gestation is of importance since this is the largest group (94%) of all births. The national perinatal audit, which started in 2010, has focused in these years on term pregnancy mortality \[[@CR9]\]. National audit programs should be implemented in other high-income countries to further reduce perinatal mortalities. Deliveries of 42 weeks or more, which is a risk factor for perinatal mortality, is reduced in the Netherlands by more referral and active management \[[@CR12], [@CR30]\].

Since 2010, the number of deliveries under supervision of a midwife is reduced. More women are transferred during pregnancy or during childbirth from 1st to 2nd level of care. The risk of perinatal mortality among the (post) term women delivered under supervision of a midwife is low (0.5 per 1000) and declined, however not significantly. However, the perinatal mortality risk among the women delivered under supervision of an obstetrician significantly declined. Maybe the current implementation of the recently developed standard of integrated care can make the decline continue.

Perinatal mortality among the children with congenital anomalies and in the children with SGA has been reduced. The introduction of the 20 week structural echo may have helped in the detection of congenital anomalies \[[@CR11]\]. Detection of SGA during gestation still forms a challenge.

Risk factors for perinatal mortality, preterm birth and small for gestational age (SGA) are cigarette smoking, maternal age (\< 20, ≥ 40 years), non-Western ethnicity, genito-urinary tract infections, poor nutrition and psychological stress related to economic disadvantage. Some of these factors are modifiable by better health care management, education or public health intervention(s). Nevertheless, many biological factors are more difficult to improve.

A possible target for reduction of perinatal mortality could be deliveries among 28--36 weeks of gestation. In future studies, trends in different risk groups should be monitored and effort has to be made in order to obtain comparable national registry data over the years, including information on termination of pregnancy, smoking during gestation and on body mass index.

Conclusions {#Sec14}
===========

There is a decline in perinatal mortality and in preterm births between 2010 and 2015. The decline of perinatal mortality is most prominent among 24--27 weeks of gestation and among (post)term births. Perinatal mortality reduction in the gestational age group among 32--36 weeks, in women with high age, non-Western ethnicity and (post) term women who started or delivered under primary care is a focus point for awareness and further research.
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**Additional file 1: Table 1**. Odd's ratio's of trend in perinatal mortality, stillbirth and neonatal mortality.

NICU

:   Neonatal Intensive Care Unit

OR

:   Odds Ratio

PRN

:   Perinatal Registry Netherlands (now PERINED)

PERINED

:   Perinatal Registry Netherlands (formal named PRN)

SGA

:   Small for gestational Age

SES

:   Socio Economic Status
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